also was decreased because laser lipolysis coagulates blood vessels at the sites of laser application. 10 Consistent with previous research, our clinical practice has observed that fatty tissue aspirated by laser-assisted liposuction contains less blood than aspirates from traditional (suction assisted) liposuction. However, evidencebased literature is lacking with respect to objective measurements of blood loss in laser lipolysis. The aim of this study was to quantitatively assess blood loss associated with laser lipolysis vs traditional liposuction at several paired anatomic sites.
MEthods
From January 2009 to December 2012, 56 consecutive patients underwent laser lipolysis and traditional liposuction at paired anatomic sites. All patients were healthy adults without any chronic disorders who complained of lipodystrophy in various body regions. Exclusion criteria were diabetes mellitus, cardiac problems, vascular diseases, history of previous surgery in the treated area, and anticoagulant or antiplatelet drug therapy. Potential benefits and drawbacks of surgery were discussed with each patient, and all participants provided informed consent. The study protocol was approved by the scientific committee at Ain Shams University Hospital.
Surgical Technique
Patients underwent equal amounts of liposuction at contralateral anatomic locations, with traditional liposuction on the left side and laser-assisted liposuction on the right. Each patient received both types of liposuction during a single surgical procedure performed by the same surgical team. Surgery was performed with the patient under intravenous sedation with propofol or under general anesthesia. Epinephrine diluted in Lactated Ringer's solution (1:500 000) was injected into contralateral locations based on the anticipated amount of liposuction (~1:1 infiltration fluid:aspirate volume), and equal volumes were aspirated from both sides, as measured by the lipoaspirate container. The same infiltration cannula (1.5-mm diameter) and liposuction cannula (3-to 5-mm diameter, 3-hole, blunt tip) were used in each case.
Fifteen to 20 minutes after anesthesia induction, traditional liposuction was performed on one side of the desired area, and 1320-nm Nd:YAG laser lipolysis (CoolTouch, Roseville, CA) was performed on the right side by means of a CoolBlue Duet suction handpiece with a standard 5-mm liposuction cannula, which enabled extension of the 500-µm laser fiber beyond the tip of the cannula. The laser was calibrated to emit a power of 11 to 14 W and a pulse frequency of 40 Hz depending on depth, the amount of fat, and the anatomic area. The total energy delivered ranged from 6000 to 25 000 J with a mean of approximately 10 500 J. The laser was delivered to fat deposits via gentle forward and backward motions similar to those of traditional liposuction. We observed tactile warmth and ease of cannula advancement during the laser-assisted procedure. Skin temperature was maintained at 34°C or lower by means of a Mini Temp noncontact thermometer gun with laser sighting (Raytek, Santa Cruz, CA).
Assessments and Follow-up Care
Lipoaspirates collected from laser-assisted and traditional liposuction procedures at each site were allowed to separate into supernatant fat and infranatant fluid for approximately 3 hours. Equivalent samples of infranatant aspirate (ie, amount was variable among patients [5-20 cc] but equal in each patient's sample) were sent to the hematology laboratory for measurement of hemoglobin (Hb) and red blood cell (RBC) count.
The percentage of blood-loss reduction on the laser side compared with the traditional side was calculated as described previously Patients were instructed to wear a compression garment for 1 month posttreatment. Three doses of intravenous antibiotic were administered (once every 12 hours), with the first dose at initiation of the surgical procedure. Analgesics and antiedema medications were administered routinely during the first postoperative week. Preoperative and postoperative photographs (ie, ≥1 month and 6 months after surgery) were obtained with a Coolpix 995 digital camera (3.3 MP, 5X optical zoom, Nikon, Tokyo, Japan. Follow-up was scheduled weekly for the first postoperative month, then at 3 months and 6 months.
Statistical Analyses
The data were statistically analyzed with SPSS 15 (SPSS Inc, Chicago, IL). Liposuction techniques were compared by repeated-measures analysis of variance (ANOVA) and the Mann-Whitney U test. We included all data in the analyses and assumed that the data were normally distributed because the sample size exceeded 30. Statistical significance was set at P < .05.
REsuLts
This study included 56 consecutive patients (11 males, 45 females) with a mean age of 33 years (standard deviation [SD], 9 years; range, 16-50 years), a mean weight of 88.75 kg (SD, 9.42 kg), and a mean body mass index of 32.03 (SD, 2.35). Laser-assisted and traditional liposuction was performed in the abdomen, flanks, back, arms, breast, and thigh ( Table 1 ). The average lipoaspirate volume was 846 mL (SD, 536 mL).
Hb and RBC measurements and visual inspection of the lipoaspirates indicated that the mean blood loss associated with laser lipolysis was significantly less than that with traditional liposuction at most anatomic sites evaluated (P < .05; Table 2 and Figure 1 ). There was no significant difference between male and female patients regarding blood loss as determined by Hb and RBC estimates in lipoaspirates, for either liposuction procedure (Table 3) . Similarly, no significant differences in blood loss were detected among anatomic sites for either laser-assisted or traditional liposuction (Table 4) .
A comparison of laser-assisted vs traditional liposuction across anatomic locations revealed a small difference between Hb and RBC indicators of blood loss. Specifically, RBC counts indicated a significant reduction in blood loss associated with laser lipolysis vs traditional liposuction at all anatomic locations except the thighs (Table 5) , whereas Hb measurements indicated that laser lipolysis was associated with a significantly greater reduction in blood loss vs traditional liposuction at all anatomic sites except the arms (Table 6 ). We presume that our measurements of laser-assisted vs traditional liposuction-associated blood loss in the arms and thighs failed to reach statistical significance because of small sample sizes (3 and 4 patients, respectively). The mean percentage reduction in blood loss associated with laser lipolysis vs traditional liposuction was 51% in the abdomen and flanks. The reduction in blood loss (58%) was highest for gynecomastia cases (n = 10). Overall, blood loss reduction associated with laser lipolysis vs traditional liposuction was approximately 54% (Table 7) .
Whole-blood volumes collected in lipoaspirates from laser lipolysis varied from 56 mL in the back to 148 mL in the limbs, with a mean of approximately 117 mL across all anatomic areas. With traditional liposuction, whole-blood volumes varied from a mean of 116 mL in the back to 292 mL in the limbs, with an overall mean of approximately 255 mL. The differences in blood loss were statistically Blood loss volumes did not differ by anatomic location for laser-assisted or traditional liposuction as measured by hemoglobin and red blood cell contents in lipoaspirates. The data correspond to 56 paired procedures, as follows: flanks and abdomen (n = 26), back (n = 13), breasts (n = 10), thighs (n = 4), arms (n = 3). Abbreviation: ANOVA, analysis of variance. a Blood loss was significantly less with laser lipolysis vs traditional liposuction in all areas except the thighs. The data correspond to 56 paired procedures, as follows: flanks and abdomen (n = 26), back (n = 13), breasts (n = 10), thighs (n = 4), arms (n = 3). b Difference not significant. significant (P < .05) overall and in all individual areas, except the limbs (Table 8) .
disCussion
In large-volume liposuction procedures, blood loss is a primary limiting determinant of total lipoaspirate volume. The 3 significant predictors (ie, predictors for all types of lasers) of liposuction-associated blood loss are patient weight, surgery time, and aspirate volume. 13 To minimize blood loss, liposuction techniques have been modified extensively.
Blood constitutes approximately 20% to 45% of the lipoaspirates collected during dry liposuction. In the early 1980s, Illouz 2 pioneered the wet technique, which reduces blood loss to 10% to 30% of the aspirate without epinephrine and 15% with epinephrine. The superwet technique decreases blood loss to approximately 2% of the aspirated volume. 14, 15 The tumescent technique reduces blood loss to approximately 1% of the lipoaspirate, but reports of serious complications with tumescent liposuction have discouraged many surgeons from performing it. 14, 15 Although Apfelberg's work on laser lipolysis 9 did not gain Food and Drug Administration approval, his results suggested less postoperative ecchymosis and swelling, easier fat suction, and less blood in the aspirate. Many investigators [16] [17] [18] [19] later contributed to the understanding of laser lipolysis and demonstrated the occurrence of adipocyte destruction, blood vessel coagulation, collagen deposition, and improved tissue healing with this procedure. Observations of decreased bleeding with laser lipolysis have been described subjectively. 10, 16, 18, 20, 21 However, to our knowledge, the present study is the first to include quantitative observations.
Massoud et al 11 conducted a small pilot study of laser lipolysis that included 14 women. The authors reported that external blood loss was reduced by approximately 27% in laser lipolysis, but they did not analyze their data further; that is, their study was small, and they did not analyze the study results beyond percentage reduction of blood loss. In the present study, we performed traditional liposuction at one anatomic location and laser lipolysis at the contralateral site, similar to the technique described by Prado et al. 10 Our results indicated a 54% overall reduction in blood loss with laser-assisted liposuction. Reductions in blood loss were most pronounced in gynecomastia cases (58%), the back (57%), the limbs (53%), and the abdomen (51%). Mean blood loss volumes in the lipoaspirate were significantly decreased with laser lipolysis vs traditional liposuction in all anatomic locations except the limbs; the lack of significant difference in this area may have been attributable to the small sample size (n = 7).
It may be argued that a 54% overall reduction in blood loss would not noticeably affect patient outcomes. However, our objective assessment validates previous observations of decreased ecchymoses in patients treated with laser lipolysis. Reduced bruising decreases the duration of posttreatment downtime and enables patients to return to work sooner. Reduced blood loss also translates to safer liposuction procedures that allow for large-volume aspiration without significant hemodynamic disturbance The blood loss reduction associated with laser lipolysis vs traditional liposuction was approximately 54%. The data correspond to 56 paired procedures, as follows: flanks and abdomen (n = 26), back (n = 13), limbs (thighs and arms) (n = 7), breasts (n = 10).
b
Because of the small number of patients, arms and thighs were calculated collectively as limbs. Blood volume in the lipoaspirate from laser-assisted liposuction was significantly lower than that from traditional liposuction overall and at all individual sites evaluated, except limbs. The data correspond to 56 paired procedures, as follows: flanks and abdomen (n = 26), back (n = 13), limbs (thighs and arms; n = 7), breasts (n = 10). or low postoperative Hb. Our clinical practice has shifted to laser lipolysis when feasible, either as a single tool or combined with other body-contouring procedures. A factor preventing our complete transition to laser-assisted liposuction is the added cost of laser-based procedures. Although we noted a significant reduction in blood loss with laser lipolysis, our study is not without limitations. We measured skin temperature during laser lipolysis with a noncontact thermometer gun. Other instruments utilize internal temperature probes that are superior for accurately measuring temperature in deep fat layers during laser-assisted liposuction, particularly in the presence of tumescent fluid. 21 However, this probe was not available with our laser lipolysis system. Our study group was small, and very few patients underwent liposuction of the limbs. Additional blinded studies involving larger patient populations are needed to confirm the findings. An estimation of blood loss associated with varying laser wavelengths also is warranted. Specifically, future research comparing wavelengths targeted to adipose cell ablation with nonspecific wavelengths could yield valuable information.
ConCLusions
Laser lipolysis reduces blood loss, as measured by Hb and RBC content in the lipoaspirate, by more than 50% vs traditional liposuction. Laser lipolysis was associated with significant reductions in blood loss in nearly all commonly treated areas. Randomized controlled blinded clinical trials involving larger patient populations and different laser wavelengths are encouraged to confirm these findings.
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